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The Origin of Langer hans Cells 
KUNIHIKO TAMAKI, M.D., GEORG STINGL, M.D., AND STEPHEN I. KATZ, M.D., PH.D. 
Dermatology Branch, National Cancer Institute, B ethesda, Mary land, U.S.A. 
Langerhans cells constitute a morphologically well-
characterized subpopulation (3 - 8%) of mammalian epi-
dermal cells and, in contrast to the bulk of epidermal 
cells, bear Fc-IgG and C3 receptors, express immune 
response associated (Ia) antigens, and function as anti-
gen presenting cells and allogeneic stimulatory cells to 
primed T lymphocytes. The p urpose of this study was to 
define the ontogeny of Langer hans cells which has been 
a subject of considerable debate since their discovery in 
1868. We have demonstrated that, after 3 weeks, most of 
the Langerhans cells in parental skin which had been 
transplanted onto F 1 hybrids are of recipient origin 
whereas keratinocytes remain of donor origin, which 
indicates that the LC are derived from a mobile pool of 
cells. Furthermore, in studies of skin from radiation-
induced bone marrow chimeric animals we have found 
that, depending upon the strain combination, up to 80% 
of the epidermal Langerhans cells are derived from the 
bone marrow of the donor animals. These studies indi-
cate that epidermal Langerhans cells are derived from 
and are continuously replenished by a mobile pool of 
precursor cells which for the most part originate in bone 
marrow. 
Since their discovery in 1868, the origin of Langerhans cells 
(LC) has been a subject of considerable debate . Paul Langer-
hans [1] aqd, later, others [2-4] considered these cells to be a 
component of the peripheral nervous system mainly because 
their dendritic processes resembled nerve fibers. Tlu·oughout 
the 1950's and 1960's LC were in some way related to melano-
cytes. They were thought to represent worn out melanocytes 
[5], daughter cells of dividing melanocytes [6], or melanocytes 
in an arrested stage of development [7]. Still others suggested 
that LC are of ectodermal origin [8]. 
Doubt about the concept of a close ontogenic relationship 
between LC and either cells of the nervous system or melano-
cytes was initially provided by the studies of Basset and her co-
workers who reported that lesions in histiocytosis X contained 
cells which appeared to be identical to LC [9]. The concept was 
further destroyed by the very elegant studies of Breathnach 
and co-workers who showed that LC, but not melanocytes or 
other neural cells, were consistently' present in mouse skin 
which had been experimentally deprived of its neural crest 
component [10]. T hese results permitted the conclusion that 
LC are not of melanocytic origin. 
Considerable evidence has been accumulating which indi-
cates that LC a1·e of mesenchymal origin. LC have been iden-
tified in mesodermal tissues-the dermis [11], lymph nodes [12] 
and thymus [13]. The LC granules have also been found in 
histiocytic cells of histiocytosis X [9], and in malignant cells of 
patients with malignant histiocytosis [14] and leukemic reticu-
loendotheliosis [15]. 
More recently the studies of Sting! et al [16-18], Rowden et 
al [19,20], Klareskog et al [21], Berman and Gigli [22], and 
Tamaki et al [23], have demonstrated that LC in humans, 
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guinea pigs, and mice have receptors for both the Fe portion of 
lgG and for C3 and also express H-2 (HLA-A, B, C in humans, 
B region in guinea pigs) and Ia (immune response associated) 
antigens encoded for by the major histocompatibility complex. 
Taken together these findings indicate that LC have smface 
marker characteristics which a1·e similar to cells of the mono-
cyte-macrophage series, again suggesting a mesenchymal origin 
for the LC. 
We have recently provided definitive evidence that LC are 
derived from and are continuously replenished by mobile pre-
cursor cells which originate in bone marrow [24]. Om studies 
relied on the finding in mice that, in contrast to the vast 
majority of epidermal cells which express only H-2 antigens on 
their surface, LC are the only epidermal cells which express Ia 
antigens [23]. These cells, again in contrast to the vast majority 
of epidermal cells, also bear receptors for the Fe portion of IgG 
(Fc-IgG) [23]. Using a simultaneous resetting (for Fc-IgG) and 
indirect immunofluorescence test (for H-2 and Ia antigens) we 
could identify the source of various subpopulations of epidermal 
cells. 
We used 2 techniques to assess the origin of LC. The first is 
illustrated in Fig 1. We transplanted skin from parent (A/ J) to 
F 1 (A/J X BALB/ c) hybrid mice and, after varying periods, 
determined the H-2 and Ia antigen specificities of the israfted 
cells. In this way we could define whether the kerat inocytes in 
the graft were still of donor origin (i.e., did they have the H-2 
of the recipient?) and whether the LC were of donor or of 
recipient specificity. In these studies we found that starting 11 
days after grafting there was a gradual increase in the percent-
age of LC which were of recipient origin while the keratinocytes 
continued to be of don<;n· origin (Table I). This implied that the 
LC of the transplanted skin were derived from a mobile pool of 
recipient cells [24]. However, since these results could not, with 
certainty, exclude the possibility that the recipient LC were 
present in the graft because of the lateral movement of LC from 
the recipient epidermis, and could not identify the precise origin 
of LC, we attempted to assess more directly the origin of the 
LC. 
In the second set of experiments the epidermal cells of 
radiation-induced bone marrow chimeric mice were assessed 
for their H-2 and Ia antigen specificities (Fig 2). We used 2 
different strain combinations, one was totally allogeneic, the 
other semiallogeneic. The results of these experiments are 
shown in Table II. In the allogeneic system, where BALB/ c 
bone marrow cells were injected into irradiated (750R) C57Bl/ 
6 mice, we found that up to 45% of LC were of donor (BALBI 
c) origin by 62 days after chimerization. In the semiallogeneic 
system where (BlO X BlO.A)F 1 bone marrow cells were injected 
into BlO.A mice which were irradiated with 900 R, 80% of the 
LC were determined to be of donor (BlO x BlO.A) bone marrow 
origin 85 days after chimerization. Electron microscopic studies 
of the rosetted cells, i.e., putative LC, demonstrated that most 
of the cells had all of the characteristics of LC including the 
unique cytoplasmic granules [24]. Assay of the keratinocytes of 
the chimeric animals revealed them to be of recipient origin. 
These studies indicate that epidermal LC are derived from 
and are continuously repopulated by a mobile pool of precursor 
cells which for the most part originate in bone marrow. We 
have not excluded the possibility that there is a small resident 
population of LC which are capable of proliferating while they 
are in the epidermis. However several experimental studies 
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have indicated that only a very small percentage (at most-less 
than 1 %) of LC replicate within the epidermis [25,26]. 
Indeterminate or nonspecific dendritic cells are intraepider-
mal dendritic cells which morphologically resemble both mel-
anocytes and LC bu t do not contain melanosomes or LC gran-
ules [27]. The lineage of these cells has also been a subject of 
CAF 1 
(A/J x BALB/c) F1 
AFTER 
VARIOUS 
TIMES 
~DETERMINE H-2 
AND la .OF 
GRAFTED SKIN 
FIG 1. Transplant study. 
TABLE I. Detection of major histocompatibility alloantigens on A / J 
shin transplanted onto (A / J X BALBI c) F 1 mice" 
Day tested• % 1a.8+ cells' % LC (Fc-lgG+) which are Ia.s+•· 
11 4 61 
14 3.5 61 
21 3.5 95 
49 3.8 100 
Controls % Ia.8+ cells % LC (Fc-IgG+) which are Ia.s• 
A/ J 0 0 
(A/J x BALB/c)F, 5 95 
" For further details see reference 21. 
"Skin grafts (A/J donor) tested and keratinocytes determined to be 
of donor origin (data not shown here). 
c Antiserum used here reacts only with the I-A specificity Ia.8 which 
is present on BALB/c and (A/ J X BALB/c)F 1 but not on A/ J Langer-
hans cells. 
RECIPIENT 
750-000R 
/ 
---
IV 
1st EXPERIMENTS C57BI /6 
2nd EXPERIMENTS B10.A 
FIG 2. Chimera study. 
DONOR 
2.5 X 107 
BONE MARROW 
CELLS 
BALB/c 
810 x 810.A 
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TABLE II. Detection of major histocompatibility alloantigens on 
epidermal cells of chimeric mice" 
Donor 
BALB/c 
(B10XB10.A)F 1 
Recipient 
C57Bl/6 
B10.A 
Day % ra·• (from % LC (from 
Tested donor) donor) 
62 
80- 85 
2.9 
6.3 
45 
80 
" For further details see reference 21. 
repeated discussion. Because granules can be found in a signifi-
cant percentage of these indeterminate cells with serial section-
ing and because these cells exhibit all of the surlace marker 
characteristics of LC, we have considered these cells to be of 
LC lineage and therefore also to be of bone marrow origin 
[23,24]. 
We have not identified which specific bone manow cell is the 
precursor of LC. By far the most likely is the promonocyte as 
LC exhibit similar, if not identical, surface marker characteris-
tics to cells of the monocyte-macrophage series, and subserve 
the immunologic functions of !a-bearing macrophages [28]. 
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DISCUSSION 
STREILEIN: Speaking to the issue of different levels of Lan-
gerhans cells in skin grafts of allogeneic versus semi-allogeneic 
chimeras, the allogeneic animals are undoubtedly susceptible 
to graft-versus-host reactions, whereas the semi-allogeneic chi-
meras are not. I would suggest that it is the presence of GVHR 
which is responsible for the lower proportions of donor cells in 
the allogeneic chimera's grafts and skin. 
KATZ: When we look at the epidermis histologically, we see 
no inflammation at all in the skin of the allogeneic chimeric 
animals. There may be a subtle GVH going on in the spleen 
and that may reflect why you cannot get total chimerism in 
these animals. The bone marrow of these animals is not totally 
chimeric. 
CoHN: (1) How do you distinguish the cells that you pre-
sented from mononuclear phagocytes in you preparation? And 
(2) have you had the opportunity to compare the labeling 
pattern of your typical macrophage population to Langerhans 
cells? 
KATZ: Distinguishing the cells with certainty can only be 
done by electron microscopy. One wants to see the specific 
cytoplasmic granules before saying with assurance that you are 
dealing with an LC. I think, especially in the chimera studies, 
that was obviously a very important thing to do; to make sure 
that the cells that we were labeling in the epidermis were, in 
fact, Langer hans cells. The derivation of these cells is probably 
from the same source as mononuclear phagocytes, Kupfer cells, 
etc., but somehow the LC acquire these specific granules. In 
answer to your second question, if one compares these cells to 
peritoneal exudate macrophage in terms of surface receptors, 
they are very similar in that both have Fc-lgG and C3 receptors 
but only about 10-15% of the peritoneal macrophages express 
Ia antigens. 
BAER: Do you believe that there is such a cell as the indeter-
minant dendrite cell in the epidermis? Is the lack of the Lan-
gerhans cell granules in these cells only due to theil· not having 
been adequately studied to demonstrate the granules, even 
though they are present? 
KATZ: In answer to your first question, I think that indeter-
minate cells are of the lineage of Langer hans cells. I think they 
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are epidermal dendritic Ia bearing cells. If you section these 
cells serially you will in many cases find Langerhans cell gran-
ules (see Tamaki et al, J Immunoll979) They have all of the 
sw·face marker characteristics of LC and I would feel very 
comfortable in saying that they are derived from cells in the 
bone marrow. 
STINGL: Goniometric analysis of indeterminate cells by elec-
tron microscope frequently reveals Langerhans cell granules. 
GIGLI: Do you think that the appearance of the cytoplasmic 
granules are a process of functional adaptation, perhaps mem-
brane internalized by endocytosis. 
KATZ: There really is no hard evidence one way or the other. 
There were 2 major theories; the secretory theory which I think 
is least likely and then the endocytosis theory where the cell 
swface is thought to invaginate and produce this type of 
granule. My bet would be that it is an endocytotic process and 
due to adaptation of cells going through the dermal-epidermal 
junction. 
GREEN: Do the same I subregions occur in Langerhans cells 
and ordinary monocytes and which are these? 
KATZ: Yes. The I-A and 1-E/ C is what we see and that is the 
same that is seen on mononuclear cells in the spleen. Those are 
the major I subregions and that is in accord with G. Rowden's 
studies using immunoelectronmicroscopic techniques. 
STREILEIN: With regard to the I subregion antigens found on 
Langerhans cells, do your data imply that 1-J is not on Langer-
hans cells, or do the reagents not allow you to detect 1-J? That 
is, is I-J present on Langerhans cells? 
KATZ: That is a very good point. I do not mean to imply that 
I-J is not there. As far as I know, with the techniques that are 
available, I-J really cannot be assessed on these cells. 
EPSTEIN: In your skin transplant studies, is there an early 
d~letion of donor Langerhans cells and if so, how quicJ:dy does 
it occur? 
KATZ: As these are parent to F 1 transplants we can only say 
that by 3 weeks 95% of the LC are of recipient (Ft) origin. 
EPSTEIN: Do you demonstrate, with Ia antisera, Langerhans 
cells deep in hair follicles? 
STINGL: Langerhans cells are present in hail· follicles-you 
can demonstrate this with immunofluorescence studies. 
EPSTEIN: Another way to demonstrate the origin of Langer-
hans cells would be to react them with antisera to cytoskeletal 
fibers (intermediate fibers). There are now available antisera to 
ectodermal, neural and mesodermal intermediate fibers that do 
not cross react. 
KATZ: We will leave that for someone else to do as we feel 
that we have convincingly shown that LC are mesodermal in 
origin. 
MANNIK: Do the Langerhans cells possess the giant lyse-
somes of the Chediak-Higashi abnormality of mice and men? If 
these abnormalties are present, then turnover and half-lives of 
the cells can be determined in marrow cross-transplanted mice. 
KATZ: That is a very interesting suggestion. We will pursue 
it. 
